The relationship between knowing where a haptic property is located and knowing what it is was investigated using a haptic-search paradigm. Across trials, from one to six stimuli were presented simultaneously to varying combinations of the middle three fingertips of both hands. Participants reported the presence/absence of a target or its location for four perceptual dimensions: rough/smooth, edge/no edge, relative position (right/left), and relative orientation (right/left). Reaction time data were plotted as a function of set size. The slope data indicated no difference in processing load for location as compared to identity processing. However, the intercept data did reveal a cost associated with processing location information. Location information was not obtained for "free" when identity was processed. The data also supported a critical distinction between material and edge dimensions versus geometric dimensions, as the size of the cost associated with processing location was larger for spatial than for intensive stimuli.
In comparison to what is known about vision, researchers know very little about how the haptic system processes surface and object properties. The term "property" is used here in the sense defined by Lederman and Klatzky (1997) to mean a single value on a perceptual dimension. The current paper addresses this topic, with specific emphasis on the relationship between the haptic processing of property location and property identity. That is, the paper is concerned with the extent to which we know where a haptic property can be found, given that we already know what it is. The studies reported here investigate whether haptically determining the location of a property -when its identity is known -presents costs in terms of processing capacity.
The issue of determining location, given that identity is known, was chosen for two reasons. First, locating one or more known properties (i.e., identities) is demanded in a number of real-world situations. For example, imagine placing one's hands on a computer keyboard. When this task is performed without foveal vision, the fingers often contact the keys at random. One must then locate the home-position keys by the raised dot or bar so that the hands can be repositioned to begin typing. Note that in this situation, the identity of the property is specified prior to its being located. The same situation arises when venturing into the bathroom at night without turning on the lights. When blindly contacting the circular edges of an object, one quickly identifies that object as a cup and then locates the appropriate contact points in order to lift it. Similarly, one often experiences an itch without being able to precisely locate the irritation. In all of these examples, the identity of the tactile object or event is known, but its location is not. Clearly, the task investigated in the current paper can be generalized to the concrete world with which people haptically interact.
Second, the issue of locating known properties derives directly from previous haptic research on property identity by Lederman and Klatzky (1997) . This research investigated the relative identifiability of haptic properties after brief exposure; the current work extends those experiments by now addressing haptic localization of identified properties. The same hapticsearch paradigm used by Lederman and Klatzky was used in the current study, but now, participants were required to either "identify" (the control task) or "locate" (the experimental task) a designated property.
The present studies asked whether there is a processing cost associated with determining the location of an identified property, or whether location information is automatically available when identity has been processed. The research will show that location information does not come "for free" -that additional processing must be performed to encode location information once identity is known.
Capacity Limitations in Haptic Search
In a typical search task, participants seek to find one or more target stimuli within a multistimulus display. An increase in response time (RT) with the size of the display is taken as indicating a limitation in capacity (Townsend & Ashby, 1983) . To date, capacity limitations of the haptic system have not been thoroughly investigated. Shiffrin, Craig, and Cohen (1973) investigated capacity limitations of the haptic system using a task that required participants to indicate if they perceived a vibrotactile stimulus in one of three locations. Participants had to attend to all three locations simultaneously or in another condition, subjects were cued as to the location in which the stimulus would occur if it were going to be presented. The data suggest that when asked to process only location information about vibrotactile stimuli, the haptic system is not subject to capacity limitations.
Would capacity limitations change if one is asked to process both identity and location information? Little work has been done to address this issue, although the available literature suggests that capacity limitations might depend on the stimulus in question. Lederman and Klatzky (1997) investigated the "relative availability" of a large set of haptically accessible properties using a haptic variation of Treisman's visual search task (Treisman, 1986) . They defined "relative availability" as the order in which perceptual properties become available for processing after initial contact. Participants were required to determine whether or not a designated target was present within haptic displays that consisted of from one to six distractor items. Targets were selected from four different general classes: material properties (i.e., texture, hardness, and thermal conductivity), abrupt surface discontinuities (i.e., edges and holes in otherwise flat surfaces), relative orientation properties (i.e., relative position and orientations of raised bars) and three-dimensional continuous surfaces (i.e., ramps and curved surfaces).
Both slopes and intercepts were considered in evaluating relative availability. By these criteria, certain dimensions were found to be more readily available to the haptic system than others. Specifically, relative orientation and to some extent, three-dimensional continuous surfaces, were considerably more susceptible to set-size effects than were material properties or abrupt surface discontinuities. The slopes for material properties and abrupt surface discontinuities were all flat or very shallow, suggesting that adding items to the display did not slow processing. Moreover, there was a general trend such that properties that produced higher slopes also produced higher intercepts. Lederman and Klatzky (1997) concluded that material properties and abrupt surface discontinuities were more readily available to the haptic system than information about properties from the other classes. They further noted that these maximally available dimensions are those that are coded intensively (i.e., without reference to spatial coordinates). Properties that are coded spatially (i.e., with reference to a coordinate system) require longer time to process. This important distinction between material and geometric properties, which was revealed with respect to initial brief contact, has been shown to apply to more extensive haptic exploration as well (see e.g., Kilgour & Lederman, 2002; Klatzky, Lederman, & Matula, 1993; Klatzky, Lederman, & Reed, 1987; Lederman, Summers, & Klatzky, 1996) . Lederman and Klatzky's (1997) data may be interpreted not only in terms of the time course by which properties become available to the haptic system, but also in terms of the capacity limitations of that system. The value of the slope for haptic search indicates the extent to which processing across additional fingers increases the demands on a limited-capacity processor. The value of the intercept indicates the processing costs that occur regardless of the number of fingers stimulated. To the extent that the slope or intercept varies across properties, different finger-dependent and independent processing costs are indicated, respectively. Since material properties and edge discontinuities produced shallow slopes, we can conclude that encoding these intensive properties did not require additional processing capacity as more fingers were interrogated. Moreover, the generally lower intercepts for these properties support the idea that capacity demands were low. In contrast, spatially coded properties produced slopes that were much steeper along with higher intercepts, which suggests that processing their identity was subject to capacity limitations, some of them quite substantial.
Clearly, not all haptic stimuli require the same type of processing. Localization may place relatively less processing demand on the haptic system, in which case the time to locate a target would be minimally affected by the presence of distractors, and would be relatively fast overall. Alternatively, localization may require substantial processing capacity. If this capacity is shared by individual fingers, response time will increase with the number of distractors; if localization costs apply more generally then response times should be high overall.
However, in the current experiments, the location data may prove insufficient on their own to answer the capacity question thoroughly, because the present location task required that identity be processed before localization could occur. To accurately assess the processing demands in this case, performance of the location task must be evaluated relative to that of the corresponding identity task. For example, if the location search-function slopes do not differ from those of the identity search functions, then the location task may not require processing above and beyond that required by the identity task, or may require a one time cost that would appear as an intercept difference rather than a change in slope. Accordingly, in the present studies we compared performance of a haptic location task to that of the identity task used by Lederman and Klatzky (1997) .
Models of Processing Identity and Location
We propose that a valid model of identity and location processing has to predict an intercept difference between the identity and location search functions for several reasons. First, the location task requires that a choice be made from a greater number of alternatives than are available in the identity task. Hick's Law (1952) states that response time is a linear function of the number of possible alternatives, given equal probability of all alternatives; therefore, the intercepts for the location task are likely to be somewhat higher than those for the identity task. Second, participants in the location task are required to name the finger under which the target appears, and generating this finger name may also add extra processing time to the location task. These two factors alone should ensure that there are modest intercept differences between the identity and location tasks.
There is also a third, and more significant, reason to anticipate an intercept difference between the targetpresent functions for the identity and location tasks. It may be the case that pure location processing contributes to the intercept difference. If true, then location is not automatically processed when participants are asked to report identity. Rather, location processing must constitute an extra step that is not performed unless location information is specifically requested. Such a finding would indicate that identity information can indeed be processed without delivering location information.
The number of response alternatives for target-present trials, finger naming, and pure location processing provide three solid reasons to expect an intercept difference. This reasoning eliminates several models that do not allow for intercept differences, leaving two feasible models. It might be the case that adding the location task requirements to the identity task would add one-time only processing demands. The added location processing may represent an event that occurs only once and, therefore, would be represented in the intercept value of the search function rather than in the slope value -this represents the Intercept Cost model. When the slopes of the two tasks do not differ, the intercepts of the search functions become critical for determining if location must be processed in conjunction with identity.
Alternatively, in addition to an intercept increase, we might see an increase in slope as set size increases for the location task -this is the Slope & Intercept Cost Model. If the data were to conform to this model, it would suggest that the location task adds both a onetime cost as well as a finger-by-finger cost that are not incurred when only the identification task is performed.
Indeed, it is possible that a single model will not serve universally, given what is now known about how the haptic system processes the identity of properties. Recall that previous work (Lederman & Klatzky, 1997) found that processing the identity of material properties and abrupt-surface discontinuities required little, if any, extra cost for each additional finger stimulated, while geometric properties required substantial processing. That is, the slopes exhibited property dependencies, such that material and edge perceptual dimensions tended to produce shallower slopes than geometric perceptual dimensions.
It is possible that the location task may exhibit similar property dependencies. Those stimulus dimensions that had very low costs may represent an equivalent cost for the location task. In order to investigate stimuli with low costs, roughness and edge were chosen as exemplars of perceptual dimensions that are available to the haptic system relatively early, and that place a relatively low processing load on the system. Likewise, those dimensions that place a substantial processing load on the haptic system during the identity task may also make substantial demands of the system during the location task. Recall that geometric perceptual dimensions impose high-capacity demands during identification that were manifest as slope costs. Relative-position and relative-orientation dimensions were chosen to determine if stimuli that have high costs for identification would also have high costs for a location task.
In the experiments reported here, we will ultimately compare slopes and intercepts from both identity-and location-search tasks to assess the costs associated with localization of a haptic property. (The present analysis of slopes and intercepts relies on finding a strong linear trend in the function relating response time to display size, when the function is increasing. The functions observed by Lederman and Klatzky (1997) met this criterion. Departures from linearity would introduce noise into the estimates of the slope and intercept.) The identity-search task requires the participant to find a particular target property in a field of distractors having an alternate property (e.g., rough in smooth). The location-search task requires that the participant first determine whether a target is present (i.e., perform identity search), then localize the finger to which the target is delivered, if the target is present.
Recall that intercept differences may be due to location processing, finger naming or differences in the number of response alternatives. In order to distinguish between location processing and finger naming or response selection, it is necessary to compare the intercept differences generated by all of the perceptual dimensions examined experimentally in the current paper. If the intercept difference between the identity and location search tasks is merely due to finger naming, then this difference should be of the same magnitude for all perceptual dimensions. Similarly, there is no reason to suspect that the effect of the number of response alternatives should vary across perceptual dimensions. That is, specific perceptual dimensions should not affect the time required to select an answer.
It is quite reasonable, however, to expect that some perceptual dimensions may require longer processing times for location than others. This would directly mirror the property dependencies revealed by Lederman and Klatzky's (1997) identity search task. Therefore, lack of constancy across perceptual dimensions, with respect to the difference between identity and location search intercepts, cannot be attributed either to finger naming or to the number of response alternatives. We would interpret nonconstant intercept differences (i.e., between tasks) across perceptual dimensions as indicating that differential demands of location processing, per se, are responsible for the difference between intercepts.
Experiments 1-4 To empirically address the two questions posed in this paper, identity and location experiments were performed using a haptic search paradigm. A maximum of six stimuli were presented to the participant's fingertips. The identity task required that participants report the presence or absence of the target stimulus. For the location task, they were asked to report under which finger the target appeared, if it was present. Four perceptual dimensions were chosen for the current experiments based on previous work (Lederman & Klatzky, 1997) . One material dimension was chosen (RoughSmooth) and one abrupt discontinuity (Edge-No Edge) as examples of perceptual dimensions that have low processing costs during identification and that by that criterion are available relatively early. Two geometric dimensions (Right-Left Relative Position and Right-Left Orientation) were chosen as examples of stimulus dimensions that require substantial processing in order to identify, and that are therefore presumed to be available relatively late. Figure 1 illustrates the perceptual dimensions used. As in Lederman and Klatzky's previous work on haptic property identification, the targets and distractors in each of the four dimensions represent the coarsest discriminations that could be produced, so that the easiest possible perceptual judgment was required within a given dimension.
A substantial portion of the detailed Method section presented in Experiment 1 (including the participant population) is common to all experiments. Therefore, only details that are different from those outlined in Experiment 1 will be presented in Experiments 2-4. In addition, with respect to statistical analyses, only those effects that are significant (alpha = 0.05) will be report- 
Experiment 1 Material: Rough Versus Smooth
The dimension of roughness/smoothness was chosen because it is a prototypical example of perceptual dimensions observed to be readily available to the haptic system. Participants were asked to search for a rough target among varying numbers of identical smooth distractors. Recall that such stimuli produced fairly shallow identity search functions (Lederman & Klatzky, 1997) and relatively low intercepts.
Method Participants
Four men and four women, ranging in age from 17 to 20 years (mean = 19), participated in Experiment 1 in return for course credit. All participants were righthanded, as defined by Bryden (1977) , and reported no kinesthetic or cutaneous abnormalities. Participants were experimentally naive.
Apparatus
Stimuli were presented to participants via Q'HAND, a fully automated computer-controlled device capable of presenting stimulus displays consisting of from one to six stimuli to the middle three fingertips of both hands (for details, see Moore, Broekhoven, Lederman, & Ulug, 1991) . The apparatus is shown in Figure 2 . A total of six stimulus drums, each with eight planar facets around the drum's circumference, were used to produce and present the haptic displays. Two of the eight facets were cut away to produce an empty area in the stimulus displays. The other six sides each measured 2.2 x 2.3 cm; stimuli were constructed to be of the same dimensions and were mounted around the planar edges of the drum. The computer rotated these six drums via separate stepper motors until the specified stimuli composing a certain display were on the top facet of the drum. The drums were mounted on a platform that could be raised and lowered by an additional stepper motor. The stimulus display for the upcoming trial was created while the drums were lowered. When the correct display configuration was effected, the platform was raised and the display presented to the participant's fingertips. Individual variation in finger length was accommodated by adjusting finger rests and drum position. Participants' fingertips extended out beyond the finger rests, so that the display, when raised, would contact the fingers positioned above.
Displays consisting of two and three stimuli are unique in that these may be presented entirely to one hand or they may be spread across two hands. A control experiment (for details, see Purdy, 1998) confirmed that displays presented to one hand were no more difficult than displays presented to two hands.
Stimulus Displays
To ensure that each display size occurred an equal number of times, stimulus presentation was quasi-randomized. Randomization of the target took place within blocks of 12 trials. The target occurred on half of these trials (target-present trials), while the other six trials contained no targets (target-absent trials). The target was randomly assigned once to each of the six positions. The rest of the display consisted of from one to five distractors. Distractors were placed so that they appeared in each position an equal number of times over 24 trials. Distractors were randomized over 24 trials, rather than 12, in order to minimize the repetition of any one stimulus arrangement. Blanks appeared in any position not assigned to a target or a distractor. Trials, which were separated by 2.68 s, were run in sets of 24 (two blocks of 12 trials) in order to optimize this randomization procedure.
Stimulus Properties
The textures were presented on plastic polymer plates that had been photoengraved to produce surfaces consisting of raised dot patterns of truncated cones. Interdot spacings of 0.625 mm and 2.625 mm were used for the rough and smooth stimuli, respectively. Dot spacings were measured from inner edge to inner edge. Dot diameter was approximately 0.46 mm at the top and an average of 1.05 mm at the base (the base diameters varied somewhat with interelement spacing, because of the production process); the height of the dots was 0.40 mm.
A computer algorithm was used to spatially jitter the elements within a given matrix in which the interdot spacing was a constant value. The position of each dot was subsequently spatially jittered angularly and radially within a defined circular region surrounding the dot. Thus, the dots appeared randomly spaced on the plate, yet maintained the original mean dot spacing (for further details, see Lederman, Thorne, & Jones, 1986) .
Procedure
Practice. Prior to the experiment proper, participants performed 48 identity and 48 location trials (two sets of 24 trials). Practice on these tasks was counterbalanced such that half of the participants performed the identity practice first, while the other participants began with location practice first. Participants were given written and oral instructions explaining the nature of the task and the length of the session.
They were informed that the stimulus displays would range from one to six stimuli. Participants should not be concerned if they did not feel anything under a particular finger, as the displays could contain empty areas. It was explained that two tasks would be performed in blocks. For the identity task, participants were required to verbally respond "yes" if they perceived a rough surface, and "no" if they felt only smooth stimuli. For the location task, participants had to locate the target stimulus if it was present. If it was not present, participants were instructed to say "no." Verbal responses were recorded using a microphone headset. Fingers were assigned names: Working from index to ring finger, the numbers 1, 2, 3 were assigned to one hand and the letters A, B, C to the other hand. This naming scheme was reversed such that for half of the participants the left index finger was named A and for the other half it was named 1. A visual legend of finger names was mounted on top of the Q'HAND apparatus, and this blocked the participant's vision of the stimulus drums. Because the names assigned to fingers had different initial phonemes, participants were required to preface all responses with the letter "t"; for example, the proper response for finding a rough stimulus under finger "b" was "tb." Any responses that did not properly trigger the microphone were repeated at the end of a block.
After training on the responses and using the microphone, participants placed the middle three fingers of both hands on the finger rests, which the experimenter adjusted so that a marker embedded in the finger rests contacted each finger at the same position with respect to the first joint. The stimulus wheels were then adjusted so that the stimuli contacted each finger at approximately the same position. Participants were told that the stimuli would rise up and down to contact their fingers. They were then allowed to move their hands over the stimuli, if desired. The practice trials began after participants were instructed to respond as quickly as possible while making as few errors as possible.
Test session. Each participant performed a total of eight sets of 24 trials (192 trials) for the identity task and eight sets of 24 trials for the location task. Where I represents the identity task and L the location task, half the participants performed in an ILLI order -four sets of identity trials, four sets of location trials, followed by a short break, then four sets of location trials and finally four sets of identity trials -and half in a LIIL order. This arrangement was used to minimize fatigue effects. If an error was made, that trial was repeated again at the end of the block. When three errors were made with the same display, it was not presented again in that block, but participants would have the opportunity to encounter similar arrangements in subsequent blocks.
Experimental Design
A mixed design was used for all four experiments. Within-subject variables were Task and Target. The Task variable had two levels (identity, location) and the Target variable had two levels (present, absent). Task order (ILLI vs. LIIL) constituted the single between-subject variable (Order).
Results
Mean response time was determined as a function of display size. Slopes and intercepts for the four Task (identity; location) x Target (present; absent) functions were calculated for each participant, by least squares fits, using only correct responses. Ideally, each participant performed eight sets of 24 trials for each of the tasks. During half of these trials the target was present, and each display size occurred an equal number of times within each block of 24 trials. Thus, slopes and intercepts were fitted using 96 data points per participant, for each of the four functions. However, if participants incorrectly responded to the same display three times, this display was not presented again within the block of 24 trials. Therefore, functions may have been fitted using fewer than 96 trials; however, the number of displays abandoned after three incorrect responses proved to be extremely small.
The data from each experiment were analyzed for speed-accuracy trade-offs. No correlation was found between the number of errors made and mean response time. The nature of the error patterns will be described later. Figure 3 shows mean response time (SEM) plotted against display size for the four conditions. Slopes and intercepts for these functions, along with the associated R 2 values, are presented in Table 1 . The target-present slopes for the identity and location tasks were 0 and 11 ms/item, respectively. ANOVAs were performed on the slope and intercept data. The ANOVA performed on the slope data indicated a significant main effect of Target, F(1,6) = 5.23, p < .01, with the target-present functions being steeper than the target-absent functions. The data also revealed a significant interaction of Task x Target, F(1,6) = 7.23, p < .05. Scheffé pairwise comparisons (alpha set at 0.05) of the interaction revealed that the slope of the location target-present function was significantly different from the slopes of the other three functions. However, Student t-tests indicated that these four slopes were not significantly different from zero, and, as they were all very shallow (ranging from -6 to 11 ms/item), the slope differences are not highly meaningful.
The ANOVA performed on the intercept data showed a significant main effect of Task, F(1,6) = 24.80, p < .01, indicating that the location intercepts were higher than those for identity. The analysis also revealed a significant interaction of Task x Target, F(1,6) = 7.53, p < .05. Scheffé pairwise comparisons indicated that the targetabsent functions for the identity and location tasks were not significantly different from each other; however, the target-present intercept for the location function was significantly greater, by 110 ms, than the intercept for the identity target-present function.
Experiment 2 Edge Discontinuity: Edge Versus No Edge Edges are exemplars of abrupt surface discontinuities, thought to place relatively little processing load on the haptic system. Participants searched for a horizontal-edge target among varying numbers of identical distractors with no edges. Recall that Lederman and Klatzky (1997) observed fairly shallow identity search functions with low intercepts for this binary (edge-no edge) perceptual dimension. 
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Method Participants
Eight females participated. Their ages ranged from 17 to 21 years (mean = 19).
Stimulus Displays
Participants were asked to search for a raised edge among distractors with no edges. The bar was aligned horizontally through the centre of the facet's y-axis, and was 5 mm high and 4 mm wide. The bar ran across the middle of the stimulus base and would contact the middle of the fingertip. The distractors were made of the same metal stimulus base, but with no raised horizontal bar.
Results
The slopes and intercepts for the four Task x Target search functions are presented, along with the associated R 2 values, in Table 1 . The search functions are presented in Figure 4 . The ANOVA performed on the slope data revealed several significant effects: Task, F(1,10) = 18.46, p < .01, Target, F(1, 1.10) = 27.61, p < .001, Task x Target, F(1,10) = 6.04, p < .05, and Order x Target, F(1,10) = 6.16, p < .05.
The Task effect indicated that the slopes of the identity functions were steeper than those of the location functions. The target-present slopes were steeper than the target-absent slopes, as revealed by the significant Target effect. Scheffé pairwise comparisons of the Task x Target interaction term indicated that while the four slopes were all shallow, the slope of the identity targetpresent function was positive (10 ms/item), whereas the other three slopes were negative (-9 ms/item). However, once again the slope difference, which is confined to target-present conditions, is not particularly meaningful, as all slopes were very low, despite being significantly different from zero as determined by Student t-tests.
The interaction of Order with Target indicated that the LIIL order resulted in response times that were slower than the ILLI order. The interaction stems from the target-absent data, where response times for the target-absent condition were slower when participants performed the tasks in the LIIL. The interaction is ordinal and does not interfere with the interpretation of the other effects.
The ANOVA performed on the intercept data indicated a significant effect of Task, F(1,10) = 108.73, p < .001: The identity intercepts were lower than the location intercepts. The analyses also revealed a significant Task x Target interaction, F(1,10) = 16.68, p < .01. Scheffé pairwise comparisons of the interaction revealed that the target-absent intercepts were not significantly different from each other. The target-present identity intercept was significantly lower than the other three intercepts, while the target-present location intercept was significantly higher. The intercept difference between the target-present functions (location minus identity) was 244 ms.
Discussion of Experiments 1 and 2
Material and edge dimensions were used in Experiments 1 and 2 as exemplars of perceptual dimensions that place relatively little processing load on the haptic system. The slopes of the target-present functions for the identity task in these two experiments were all relatively shallow. Although slopes of the rough/smooth functions were not significantly different from zero, the edge slopes ranged from -9 to 10 ms/item. This latter difference, while significant, is not a meaningful one. The same was true for the locationtask slope data. The slopes of the location target-present functions generated by the material and edge dimensions were not significantly different from the slopes of the identity target-present functions. However, the intercept of the target-present location function was significantly different from the target-present identity function in both Experiment 1 and Experiment 2.
Earlier experiments found different patterns of results with geometric as compared to material and edge stimuli when participants were required to process identity information. The next two experiments employ the same methodology as found in Experiments 1 and 2 to investigate the cost associated with processing location information when the stimuli are geometric.
Experiment 3
Geometry: Relative Position (Right vs. Left) Participants were asked to search for a raised screw to the right of a hemispherical indentation. All distractors had a raised screw to the left of the indentation. This relative-position dimension previously produced very steep identity search-function slopes and a very high intercept (Lederman & Klatzky, 1997) .
Method Participants
Eight students (five female, three male) participated. Their ages ranged from 18 to 25 years (mean = 20).
Stimulus Displays
Participants were asked to search for a small metal screw (No. 2 machine screw, 5 mm diameter) to the right of a circular indentation (8 mm diameter) that was positioned to lie in the middle of the fingertip. The distractor items all consisted of a small metal screw located to the left of this circular indentation. The screw protruded 3 mm from the surface of the stimuli and was 4 mm from the centre of the indentation. Figure 5 . Slopes and intercepts, along with the associated R 2 values, for the four Task x Target functions are presented in Table 1 . The ANOVA performed on the slope data revealed a significant Target effect, F(1,6) = 6.44, p <.05. Target-absent functions had much steeper slopes than target-present functions. Student t-tests indicated that all four slopes were significantly different from zero.
Results
Mean response time (SEM) as a function of number of items is plotted in
The intercept analysis found that the Task factor was the only one to produce a significant effect, F(1,6) = 9.11, p <.05. The intercepts of the location functions were significantly higher than those for the identity functions. The intercept difference between target-present functions (location minus identity) was 476 ms. Experiment 4 Geometry: Relative Orientation (Right vs. Left) Participants searched for a right diagonal bar among varying numbers of left diagonal bars. This orientation task is another exemplar of geometric perceptual dimensions that place substantial processing loads on the haptic system.
Method Participants
Eight students (seven female, one male) participated. Their ages ranged from 18 to 20 years (mean = 19).
Stimulus Displays
Participants were asked to search for a raised (4.5 mm) diagonal bar, 4.0 mm wide, extending from the lower-left corner to the upper-right corner at a 45°a ngle with respect to the bottom edge of the stimulus, and distractors had a raised bar extending from the lower right corner to the upper left corner of the stimulus. These stimuli were graphically depicted for participants prior to the experiment.
Results
Slopes and intercepts for the four functions, along with the associated R
2 values, are presented in Table 1 . Mean response time (SEM) is plotted as a function of display size in Figure 6 . The ANOVA performed on the slope data revealed no significant effects; however, Student t-tests indicated that all four slopes were significantly different from zero.
The ANOVA performed on the intercept data revealed a significant effect of Task, F(1,6) = 48.69, p < .001, and Task x Target, F(1,6) = 91.29, p < .001. The task effect indicated that the identity intercepts were lower than the location intercepts. Scheffé pairwise comparisons of the interaction showed that the targetabsent intercepts were not statistically different from each other. In addition, the target-present intercept for location was significantly higher than the other three intercepts. The intercept difference between target-present functions (location minus identity) was 480 ms.
Discussion of Experiments 3 and 4
The slopes of the target-present functions for the identity task in Experiments 3 and 4 were all significantly different from zero. Clearly, geometric stimuli generate slope costs when participants are asked to process identity information. One might be inclined to report that processing location information for the geometric dimensions generated slope costs, unless the search function slopes are compared to the identity search function slopes. Such comparisons reveal that there was no additional slope cost associated with determining the location of the target. Rather, the cost of processing location was found in the intercepts; that is, the intercepts of the target-present location functions were significantly different from the intercepts for the target-present identity functions in both experiments.
General Discussion Identity Task Slopes and Intercepts
The data for the identity task replicated the effects found by Lederman and Klatzky (1997) , in that geometric dimensions showed substantial set size effects, but material and edge dimensions did not. The data also confirmed the previous finding of relatively low intercepts for roughness and edge identity tasks as compared to the large intercepts for the geometric dimensions. In short, we replicated previous data indicating no cost for intensive dimensions (dimensions coded without reference to spatial coordinates), but substantial costs for spatial dimensions (stimuli coded in terms of a coordinate system) when participants process identity information.
Location Task Slopes
Analysis of slope costs for the location task indicated no additional slope costs for material, edge or geometric dimensions. Clearly, asking participants to process location information in addition to identity task requirements did not increase any processing demands that might be reflected in the slope data. However, the same cannot be said of intercept costs associated with processing location.
Location Task Intercepts
Analyses of the intercept data revealed that all stimulus dimensions appeared to generate intercept costs when participants were asked to process location. An important finding is that the intercept differences between the target-present functions for the identity and location tasks varied across the four perceptual dimensions used in these experiments, as shown in Figure 7 . The intercept differences found with the roughness and edge dimensions were 110 ms and 244 ms, respectively. The relative-position and orientation dimensions produced considerably larger intercept differences of 476 ms and 480 ms, respectively. Clearly, the intercept differences produced by the intensive properties were substantially smaller than those produced by spatial properties. Kruskal-Wallis tests indicated that there was a significant difference between the intercept differences for the four experiments, H obs (3) = 14.87, H crit (4) = 7.78. The same statistic calculated for the geometric dimensions (relative position and relative orientation) did not yield significant results. Neither did the analysis of the material experiments: rough/smooth and edge/no edge dimensions. Thus, within the categories of material and geometric dimensions the intercept differences did not vary significantly, but across those categories there were significant differences in the extent to which the intercepts of identity and location tasks with target present resembled one another.
In summary, there was variation in the magnitude of the intercept difference between the identity and location functions in the target-present condition. The intercept difference was smaller for material and edge dimensions than for geometric dimensions, thus supporting the intensive/spatial distinction that has repeatedly been demonstrated with a variety of haptic tasks (Kilgour & Lederman, 2002; Klatzky, Lederman, & Matula, 1993; Klatzky, Lederman, & Reed, 1987; Lederman & Klatzky, 1987; Lederman, Summers, & Klatzky, 1996) . We turn now to a discussion of possible explanations for the intercept differences.
Number of Response Alternatives
There are several possible explanations for the difference in the location and identity intercepts. As mentioned earlier, the location intercept should be somewhat higher than the identity intercept merely because of the greater number of response alternatives available in the location task. Note, however, that the additional time introduced because of a greater number of response alternatives ought to be the same regardless of the stimulus dimension in question. There is no reason to expect the magnitude of this effect to vary with stimulus property. Therefore, the fact that the size of the intercept difference varies across all four stimulus dimensions indicates that while different numbers of response alternatives may explain part of the intercept difference, it cannot account for the entire intercept difference.
Selecting a Response
The second possible explanation for the intercept difference pertains to response selection. Processing location required that participants localize the target and then select the appropriate finger name for output. Once participants decided under which finger the target occurred, they might have taken a substantial amount of time to correctly label that finger with the appropriate name. Is it possible, then, that the intercept difference reflects only the time required to associate the proper finger name with the perceived location? Perhaps, but such an explanation also seems unlikely as, once again, it cannot explain the variation in the intercept difference across stimuli -the time required to name a finger should remain the same across all stimulus properties.
Location Processing
One final explanation for the observed intercept difference pertains to location processing. There is a considerable amount of evidence to support the idea that location required additional processing that was not performed when identity alone was required.
First, the size of the intercept difference varied across four different perceptual dimensions, with geometric dimensions consistently producing larger intercept differences than material or edge dimensions. This indicates that the intercept difference is not solely due to finger naming or to the number of response alternatives, as these two factors should not vary with the stimulus dimension being tested. Therefore, the variation in the intercept difference must be due to differences in the location processing required by each perceptual dimension. It appears that the location of geometric properties requires more processing than does the location of either material or edge properties, an hypothesis supported by earlier research. Recall that previous work (Lederman & Klatzky, 1997) on identification documented that identifying geometric dimensions was associated with greater slope costs than either material or edge dimensions. The present finding that geometric dimensions show a greater identity/location difference than roughness and edge dimensions similarly indicates differential intercept costs.
A second source of support relates to the targetabsent functions. For identity tasks, target-absent functions are generally located above target-present functions; specifically, the intercepts of the target-absent functions are often higher than those of the target-present function. The literature indicates that negative responses are typically slower than positive responses (Pashler, 1987; Schneider & Shiffrin, 1977) ; however, this is not the case in the location task. The targetabsent intercept for location was lower than, or equal to, that of the target-present location intercept in all experiments reported here. Furthermore, the location target-absent functions were not significantly different from the identity target-absent functions. Participants must, therefore, have known whether or not the target was in the display before its location was known; that is, identification was performed before localization.
Additional support for processing differences comes from an analysis of errors in the identity and location tasks. The analysis pools data across subjects and stim-ulus properties (i.e., experiments) because of the low error rate. For archival purposes, however, we also include Table 2 , which further breaks the error rates down by experiment.
Both tasks lead to errors from the identification component (misses and false alarms), but the location task also induces mislocation errors. As shown in Figures 8  and 9 , for both the identity and location tasks the percentage of false alarms was constant, and the percentage of misses increased, with display size. The percentage of mislocation errors, in contrast, was an inverted u-shaped function of display size. Trend analyses confirmed that the miss data from the identity and location task contained only a significant linear component, F(1,24) = 14.00, p < 0.001, and, F(1,24) = 6.93, p < 0.05, respectively, while the location errors produced only a significant quadratic trend, F(1,24) = 5.98, p < .05.
A more detailed analysis suggests that the trend difference between tasks arises from differential processing of blanks, or nonstimulated fingers. In the identification task, blanks can be ignored, but in the location task, any location could be reported, whether or not a stimulus is present. This means that there were, in effect, two different kinds of distractors in the location task: the physical distractor (i.e., smooth when looking for rough), and the blanks. Two distinct distractors have been shown to make a search task more difficult (Duncan & Humphreys, 1989) . Examination of error rates for different types of arrays supported the idea that blanks constitute distractors particularly for location. It showed that both tasks had low error rates (5%) when there was only one target, flanked by blanks. The identification task had larger error rates for a target flanked by two physical distractors (22%) than for a target flanked by a physical distractor and a blank (16%), whereas the location task showed the reverse pattern (13% vs. 35%). The presence of two distractor types for the location task could lead to the quadratic trend relating errors to display size, because the two-distractor case arises only when the set size is intermediate. If the set size is six, there are no distractors; if the set size is one, the only distractors are blank.
Note finally in regard to errors that the percentage of false alarms for the location task was lower than that for the identity task. This would be expected if location followed identification, if one considers that in the 
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Because there were so few errors, the error rates were based on errors aggregated across participants.
Misses False alarms
Misses
False alarms Location errors location task, participants are given a "second chance" to inspect the stimulus display. Such an opportunity would allow them to prevent themselves from reporting a stimulus as present when it is actually absent.
Thus, there is a considerable amount of converging evidence to support the proposal that location required additional processing that was not performed when only identity was required. That is, identity and location were not necessarily processed haptically as a single unit.
Models of Processing Identity and Location
Initially, we proposed that there were two models that could account for our data: the Intercept Cost Model and the Slope & Intercept Cost Model. The Intercept Cost Model suggested that adding location processing to the identity task might introduce onetime only processing demands that would appear as intercept differences rather than in slope values. The Slope & Intercept Cost Model proposed that adding location demands to some dimensions would generate increases in slopes as set size increased, in addition to the expected elevation of the intercepts.
Recall that there were reasons to expect that the same model would not describe data for all stimulus dimensions equally well. The introduction established that haptic stimuli can be categorized in two classesintensive and spatial -and that these classes of stimuli make different processing demands on the haptic system. Earlier research on identity indicated that identification of material and edge stimuli did not generate slope costs, whereas identifying geometric stimuli did generate substantial slope costs. Clearly, the material and edge dimension identification data do not fit the same model as the data for geometric dimensions, thus supporting a distinction between intensive and spatial dimensions. Do these location data also support the intensive/spatial distinctions found in earlier work?
At first glance, it may appear that the location data do not support the intensive/spatial distinction because the same pattern of results was found for all four stimulus dimensions in terms of slope and intercept effects. However, the location data do support the intensive/ spatial distinction, but the distinction is manifest in the size of the intercept difference between the location and identity target-present search functions. The intercept differences for the material and edge stimuli were substantially smaller than those differences for the geometric stimuli.
Given that the same pattern of results was found across all stimulus dimensions, the Intercept Cost Model is the only model needed to explain the location data. Location processing was not affected by set size, but determining the location of a known identity did require additional processing beyond that performed to complete identity tasks. The absence of any slope costs rules out the Slope & Intercept Cost Model.
To summarize, there is a processing cost associated with locating a stimulus on the fingers. The cost appears in the intercept data and reflects finger-independent processes that are unrelated to the number of stimuli to be searched. Rather, the size of the cost is property-dependent; that is, the cost depends on the nature of the stimuli being located. Intensive dimensions require less processing, and therefore, are less costly than spatial dimensions.
Summary and Conclusions
These experiments have investigated the relationship between the haptic processing of property location and property identity for material (rough/smooth), abrupt surface discontinuities (edge/no edge), and geometric dimensions (relative position, relative orientation). Analysis of finger-by-finger processes (slope costs) and finger-independent processes (intercept costs) indicate that (1) there is a cost associated with determining the location of a known identity, and (2) that location is not automatically processed with identity. Analysis of slope data indicated that there was little or no slope cost associated with processing the location of intensive (material and edge dimensions) or spatial stimuli (geometric dimensions) as compared to identity processing. Rather, the cost of processing location was found in the intercept data. Data generated with both intensive and spatial stimuli revealed a finger-independent cost (an intercept cost) associated with processing location. However, the intercept costs generated by material and edge dimensions were relatively small when compared to data from geometric stimuli. Converging analyses on the intercept data revealed that additional processing is required to determine the location of a target once its identity is known. That is, the finger-independent processes required to determine location are not the same as those performed when identity information is sought.
Dans la présente étude, les participants exploraient manuellement des affichages qui variaient au plan de la dimension. Les affichages haptiques étaient formés de 1 à 6 éléments présentés selon diverses combinaisons faisant appel aux trois doigts médians d'une main ou des deux mains. La cible n'était présentée que pendant la moitié des essais; dans la seconde moitié, l'affichage consistait uniquement en un nombre variable d'éléments distracteurs. Les paires cible/distracteur étaient sélectionnées à partir de quatre dimensions perceptuelles : rugueux par opposition à lisse, avec contour par opposition à sans contour, position à deux dimensions vers la droite par opposition à vers la gauche, orientation à deux dimensions vers la droite par opposition à vers la gauche. Les participants avaient pour consigne de rapporter soit l'identité de la cible (c.-à-d., présente ou absente) ou son emplacement (c.-à-d., le doigt sous lequel la cible est apparue). Les temps de réponse exacts ont été représentés graphiquement en tant que fonction de la dimension de l'ensemble. Les fonctions linéaires ont été ajustées aux données et étaient exprimées en pentes et en points d'intersection.
L'analyse des processus « doigt par doigt » (coûts liés à la pente) et des processus indépendants des doigts (coûts liés aux points d'intersection) ont indiqué la présence d'un coût associé à la détermina-tion de l'emplacement d'une identité connue. De plus, l'emplacement n'est pas automatiquement traité avec l'identité. Les comparaisons des données relatives à la pente dans le cas de l'identité et des tâches relatives à l'emplacement ont indiqué que le coût lié à la pente associé au traitement de l'emplacement de dimensions à fort contenu (matière et contour) est peu élevé ou nul. Toutefois, le coût associé au traitement de l'emplacement était évident dans les données exprimées en points d'intersection : tant les dimensions à fort contenu (position et orientation à deux dimensions) et les dimensions par traitement spatial ont révélé la présence de coûts liés au processus indépendant des doigts associés au traitement de l'emplacement. Or les coûts liés aux points d'intersection générés par le stimulus Matière et le stimulus Contour étaient peu élevés comparativement à ceux des stimuli à traitement spatial. Des analyses similaires des données sur les points d'intersection ont révélé qu'un traitement supplémentaire est requis pour déterminer l'emplacement de la cible une fois que son identité est connue. À savoir, l'emplacement ne vient pas « sans effort » lorsque l'identité est traitée.
Pour finir, nous concluons que les processus indépendants des doigts nécessaires pour déterminer l'emplacement ne sont pas les mêmes que ceux qui interviennent pour identifier la cible.
